1,8-Naphthyridine, tetrahydro-1,8-naphthyridine and its annelated derivatives are present in many natural and synthetic compounds. 1 1,8-Naphthyridine derivatives show a broad range of interesting physiological activities such as antiinflammatory, 2,3 analgesic, 2 antiaggressive, 3 anticancer, 4 antibacterial, 5 antitumor, 6 antihypertensive, 7 antiallergitic, 8 and antimalarial. 9 Several synthetic approaches have been developed to form the 1,8-naphthyridine derivatives, 10 but due to their great importance, the development of new synthetic methods remain an active research area.
The Morita-Baylis-Hillman (MBH) reaction 11 has attracted the attention of organic chemists in recent years. This reaction provides synthetically useful multi-functional molecules which have been successfully employed in the preparation of various heterocyclic systems.
12 MBH adducts have already been used as substrates for the synthesis of 1,8-naphthyridine skeletons. Basavaiah and Reddy reported an elegant strategy to prepare tri and tetracyclic frameworks containing 1,8-naphthyridine-2-one moiety from the MBH adduct of 2-nitrobenzaldehyde and acrylonitrile. 13 Su used an acetylated MBH adduct derived from 2-chloroquinoline-3-carboxaldehyde with acrylic acid esters as a substrate for the syntheses of benzo [b] [1, 8] naphthyridine-3-carboxylate derivatives.
14 Rao and co-worker have reported synthesis of [1, 8] naphthyridine-3-carboxylates from the acetates of MBH adducts, derived from substituted 2-chloropyridine-3-carboxaldehydes, via the reaction with TsNH 2 (or NH 4 OAc) followed by cyclization or via the treatment with NaN 3 followed by reductive cyclization. 15 Coelho also reported highly diastereoselective access to 3,4-substituted tetrahydro-1,8-naphthyridines from a silylated MBH adduct derived from 2-chloropyridine-3-carboxaldehyde or 2-chloroquinoline-3-carboxaldehyde with acrylic acid esters. 16 Meanwhile, Kim and co-workers reported 17 a transformation of the MBH acetates, obtained from 2-halobenzaldehyde or 2-chloroquinoline-3-carboxaldehyde with 2-cyclohexen-1-one, with a base into 2-arylmethylphenol or 2-(quinoline-3-yl)methylphenol, respectively. This reaction proceeded by a base assisted elimination of acetic acid and following ketoenol tautomerization and aromatization by 1,5-hydrogen transfer. Although the acetylated MBH adduct between 2-cyclohexen-1-one and 2-chloropyridine-3-carboxaldehyde or 2-chloroquinoline-3-carboxaldehyde are known, 17, 18 but the reaction of acetates with primary amines was not studied. In this note we disclose a facile synthesis of 8,9,9a,10-tetrahydrobenzo[b] [1, 8] The key starting material MBH adduct 3 was prepared by the reaction of 2-chloropyridine-3-carboxaldehyde (1) with 2-cyclohexen-1-one (2) in the presence of DMAP in aqueous THF at room temperature in 70% yield following the earlier reported procedure.
18 Acetylation of 3 with Ac 2 O/ DMAP gave acetate 4 in 96% yield. The known MBH acetate 7 were prepared in similar manner using 2-chloroquinoline-3-carboxaldehyde. 17 The reaction between MBH acetate 4 and several primary amines or NH 4 OAc in THF in the presence of triethylamine at reflux temperature for 2-7 h afforded the desired 8,9,9a,10-tetrahydrobenzo[b] [1, 8] naphthyridine-6(7H)-ones 6a-g in 35-57% yields (Table 1, Scheme 1).
19 Also, we examined the same reaction with an aromatic amine, aniline, however, the corresponding naphthyridine 6h was not formed in any trace amount, only starting acetate 4 was recovered. Under the same reaction conditions the known † This paper is dedicated to Professor Eun Lee on the occasion of his honourable retirement. 19 It is worth mentioning that the reactions of the acetates 4 and 7 with isopropyl-, cyclopropyl-, and ethyl amines having low boiling points were achieved with adding same amounts of these amines (1.5 equiv) after refluxing for 2 h as shown in entries 4, 5, 6, and 11 of Table 1 . With the aid of Et 3 N the amine undergoes Michael addition to the exocyclic C=C bond of acetate 4 and subsequent migration of the C=C bond with the simultaneous ejection of the acetic acid to give the allyl amine 5. The intermediate could not be isolated, and subsequently amine moiety can attack in an S N Ar reaction at C(2) of the pyridine ring followed by elimination of chloride ion to give 6.
The structures of 6 were elucidated by 1 H and
13
C NMR and mass spectral analyses. In a DEPT experiment of 6a, four CH 2 peaks (δ = 19.7, 30.4, 38.5, 46.7) and seven CH peaks (δ = 58.5, 113.5, 113.9, 128.5, 129.4, 137.0, 150.2) were observed, and we could exclude the possible regioisomeric structure about double bond.
In conclusion, we have successfully elaborated a simple synthetic method for tri and tetracyclic frameworks containing 1,8-naphthyridine moiety from the Morita-Baylis-Hillman acetates and primary amines or NH 4 OAc through the tandem S N 2´-S N Ar reaction.
Experimental Section 2-[(2-Chloropyridine-3-yl)(hydroxyl)methyl]cyclohex-2-en-1-one (3). A mixture of 2-chloropyridine-3-carboxaldehyde (1, 1.42 g, 10 mmol), and DMAP (0.14 g, 2 mmol) in 10 mL of aqueous THF (1:1) was stirred at rt for 24 h. The reaction mixture was diluted with H 2 O (20 mL) and extracted with CH 2 Cl 2 (3 × 20 mL). The combined organic layers were dried over MgSO 4 and the solvent was evaporated under reduced pressure. The resulting mixture was chromatographed on silica gel eluting with hexane-EtOAc (1:1) General Procedure: To a stirred solution of MBH acetate 4 (1 mmol) in THF (10 mL) was added either RNH 2 (1.5 mmol) or. NH 4 OAc (1.5 mmol) and Et 3 N (0.31 mL, 2.2 mmol) at rt. The reaction mixture was heated at reflux temperature for 2-7 h. In the case of isopropyl-, cyclopropyl-, and ethyl amines 1.5 mmol of amines was added again after refluxing for 2 h. The mixture was diluted with H 2 O (10 mL) General Procedure: To a stirred solution of MBH acetate 7 17 (1 mmol) in THF (10 mL) was added RNH 2 (1.5 mmol) or NH 4 OAc (1.5 mmol) and Et 3 N (0.31 mL, 2.2 mmol) at rt. The reaction mixture was heated at reflux temperature for 4-14 h. In the case of ethyl amine 1.5 mmol of amine was added again after refluxing for 2 h. The work-up procedure was the same as described above to give 8 as an oil. 
